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Introduction
Sixty-one percent of firefighter on-duty fatalities are caused by heart attacks or motor vehicle crashes. 1 Heart attacks are the leading cause of death in both career and volunteer firefighters. 1 Motor vehicle crashes are the second leading cause of death in volunteer firefighters and ranks third among career firefighters. 1 In the general population, road crashes cause an estimated 20-50 million injuries worldwide annually, costing an estimated 518 billion US dollars. 2 Twenty percent of serious injuries occurring in road crashes are due to driver sleepiness. 3 Moreover, adults who report sleeping six hours or less per day or who snore are more likely to report falling asleep while driving 4 . Even though more than half of firefighters report sleep disturbances, 5 to date, the contribution of sleep deficiency to motor vehicle crashes and health has not been studied in firefighters.
Sleep deficiency in other safety-sensitive occupations is associated with significant safety risks. [6] [7] [8] Another class of first responders, police officers, at risk of a sleep disorder reported a more than 50% increased risk of falling asleep while driving and a more than 20% increase in occupational injuries. 9 The estimated cost of firefighter injuries in the United States is $3.70 to 11.73 billion each year. 10 Firefighters most commonly work 24-hour extended-duration shifts. 10 Occupations that require night, rotating or extended duration shifts show increased prevalence of cardiometabolic and mental health disorders 12 . Chronic sleep restriction, circadian rhythm misalignment and sleep disorders, in particular obstructive sleep apnea, all of which occur commonly in shiftworkers, are thought to contribute to these adverse health outcomes. 13 In a cross-sectional study, we examined whether high risk of a sleep disorder was associated with MVCs, cardiovascular disease and other adverse mental and physical health and safety outcomes in a nationwide cohort of firefighters.
Methods
We contacted the 3,511 largest fire departments in the US (based on number of stations)
by mail, which resulted in 117 semi-structured telephone interviews with fire department representatives. Based on specific criteria (e.g., previous experience implementing similar programs, other research commitments, adequate health insurance coverage, level of management interest and the ability to meet technical requirements), 66 fire departments were selected to participate in a sleep health education and sleep disorders screening program. The characteristics of participating fire departments are shown in Table 1 . Demographics of firefighters studied are described in Table 2 . In order to verify that participants were firefighters employed in partner departments, we compared names, email addresses and/or employee numbers of participants with employee rosters provided by participating fire departments. 
Results
Of the total number of firefighters in the 66 fire departments available to participate in the study (18,040), 11,836 participated in the educational program (65.6% participation rate).
Of those, 6,933 were verified firefighters who participated in the survey portion of the study (58.6% cooperation rate) ( Figure 1 ). Less than one percent of the cohort identified themselves as volunteer firefighters. 37.2% of participating firefighters screened positive for at least one sleep disorder. OSA was most prevalent, with 28.9% screening positive, followed by SWD (9.1% of those reporting working night shifts (n=5,771), and then insomnia (6.1%) and restless leg syndrome (3.4%) ( Table 3 ). Most firefighters screening positive reported not having a current diagnosis of the disorder; 80.9% for OSA, 80.3% for insomnia, 98.0% for SWD, and 76.6% for RLS.
Ninety-four firefighters reported one or more MVCs in the prior month ( (Table 4) . Variables included in the final models used to examine associations between adverse safety and health outcomes and positive sleep disorder screening are shown in Table 5 .
When the most prevalent sleep disorder, OSA, and the other three sleep disorders combined, were analysed separately, all associations with adverse health and safety outcomes remained significant (see supplemental tables e1-e4). In exploratory analysis to examine the potential role of sleep medication in these associations, we analyzed motor vehicle crash risk in firefighters who reported never or nearly never taking sleeppromoting medications in the past month. Unmedicated firefighters who screened positive for RLS or insomnia showed a trend towards increased risk of reporting more 
Discussion
More than 80% of firefighters who screened positive for a common sleep disorder were undiagnosed and untreated. Firefighters who screened positive for a common sleep disorder had twice the odds of having had a motor vehicle crash in the prior month as compared to those with a negative screening, consistent with the two-to three-fold increased MVC risk among patients with excessive daytime sleepiness and individual sleep disorders in the general population. 3, [19] [20] [21] [22] [23] Indeed our study found significant associations between sleep disorder screening and motor vehicle crash risk when examining separately OSA and non-OSA sleep disorders (i.e., RLS, insomnia, and SWD). We also found that firefighters who screened at risk of any one of the four sleep disorders were at more than 2-fold risk of having been diagnosed with cardiovascular disease or diabetes and more than 3-fold risk of having been diagnosed with depression or anxiety. Our findings demonstrate the impact of common sleep disorders on firefighter health and safety, including, for the first time, the two leading causes of death among firefighters. 1 Moreover, these results demonstrate the effectiveness of a workplace screening program in identifying those at risk.
Twenty percent of firefighters who screened positive for a common sleep disorder reported falling asleep while driving at least once per month, suggesting that sleep-related attentional failures are highly prevalent in this group. This is 4.9 times the rate of falling asleep while driving in the general population, and 3.7 times the rate of a falling asleep while driving among snorers in the general population. 4 The prevalence of attentional failures while driving in firefighters is also higher than that reported by police officers who screened positive for a sleep disorder (14.4%) 9 and first-year medical residents 7 Increased rates of motor vehicle crashes on the commute from work were associated with extended duration work shifts in our previous study of first year medical residents. 7 In this firefighter population nearly all of whom (93%) worked extended shifts, those who screened positive for a common sleep disorder had almost twice the rate of motor vehicle crashes than those who did not screen positive. Our findings are consistent with a previous studies showing that individuals with sleep apnea are more vulnerable to the effects of sleep loss on performance. 25 The physical health of firefighters was negatively affected by the risk of any sleep disorder. The odds of reporting a current diagnosis of cardiovascular disease or diabetes were 2.4 and 1.9 times higher, respectively, in those who screened positive for a common sleep disorder than those who did not screen positive, even when adjusted for age, gender, BMI, cigarette smoking, and alcohol consumption. According to self-reported height and weight (calculated BMI), the majority of firefighters were overweight (50.4%) or obese (29.3%), an added risk factor for diabetes and cardiovascular disease.
Hypertension is another risk factor for cardiovascular disease that is associated with sleep deficiency. 26, 27, 28 OSA, the most prevalent sleep disorder in firefighters, is an independent risk factor for hypertension, 29 and increases the incidence of stroke.
30-32
Tanigawa and colleagues reported that OSA patients were particularly likely to be hypertensive if they were shift workers over 40 years old compared to younger workers. 33 Further, shift work has been shown to aggravate the severity of OSA, with a higher apnea/hypopnea index during diurnal sleep after night time work shifts and may exacerbate the adverse health outcomes. 34 Soteriades and colleagues reported that on-duty CVD events occurred almost exclusively among vulnerable firefighters with underlying CVD. 35 The risk of death from CVD was higher in emergency firefighter duties as compared to non-emergency duties. 36 Therefore, it was recommended that all fire departments have entry-level and periodic medical evaluations. 35 The inclusion of sleep disorders screening into these evaluations may help to identify susceptible firefighters at risk of CVD and diabetes.
In our analysis, we adjusted for BMI and other potential confounders, to examine independent contribution of common sleep disorders. The adjusted odd ratios support the premise that the sleep deficiency (reduced sleep duration and/or reduced sleep quality) and/or potentially intermittent hypoxia in OSA, the most prevalent sleep disorder in this firefighter cohort, contribute to diabetes. [37] [38] [39] Indeed, laboratory protocols demonstrate the impact of sleep restriction 40 and circadian misalignment, 41, 42 inherent in 24 hour shifts, and the combined impact of these 43 on glucose regulation, a marker of diabetes risk.
When combined with chronic sleep restriction, prior exposure to circadian disruption has an adverse effect on metabolism, compromising insulin sensitivity and impairing the pancreatic response to a meal. 43 Additionally, in epidemiological studies, chronic sleep deficiency and poor sleep quality have been shown to be associated with Type 2 diabetes. 44, 45 In our study, 529 firefighters reported a current diagnosis of depression and/or anxiety (9% depression and/or anxiety; 6% depression; 4% anxiety). Although this is consistent with estimates in the general population, 45, 46 our study shows a greater than 3-fold increase in the odds of the diagnosis for those who screened positive for a common sleep disorder. Similarly, in a smaller sample of firefighters from one department, depressive symptoms were significantly correlated with sleep deprivation. 48 Depression adversely impacts productively and safety; for example, depressed medical residents made significantly more medication errors compared to those who were not depressed. 49 Sleep disorders treatment programs may alleviate the risk of developing depression in those with insomnia 50 and the depressive symptoms in those with OSA. 51 Circadian misalignment associated with shift work may increase shift workers' risk of depression. 51 There is a well-established interrelationship between depression and insomnia 50 and emerging evidence suggests an association between depression and OSA. [53] [54] [55] Sound mental health is an often overlooked but a critical component of occupational health and productivity, in particular given the high cost of mood disorders on work performance. 56 Untreated sleep disorders are an economic burden, reduce productivity at work and adversely impact social relationships. [57] [58] [59] Thus, screening should be an initial step in evaluation and treatment programs for sleep disorders. Firefighters who screened positive in this study were referred to a website that provided information on local accredited sleep disorders clinics where further evaluation, diagnosis and treatment, if necessary, could be obtained. These types of programs should be part of any occupational comprehensive fatigue risk management system and/or included in employee wellness programs that aim to reduce chronic disease and improve mental health.
Limitations. The study was limited to departments that had the resources to devote to participation in the healthy sleep education and screening program. Volunteer fire departments, which tend to be small with minimal resources, 60 are underrepresented in this study. These results can therefore only be generalized to the 300,000 career firefighters in the U.S. We screened for only four sleep disorders, but they are common sleep disorders that are most likely to occur in firefighters. The screening tool for SWD was not validated. This study was cross sectional and outcomes were assessed by selfreport. Our primary safety outcome, motor vehicle crashes, was verified by documentation in 85% of the cases as in our previous studies. 7 BMI is a major component for determining OSA risk. Although we did not confirm BMI with anthropometric measures in this study, our previous study of police officers showed a high correlation (R=0.912, p<0.001) of self-reported height and weight with anthropometric measures.
The percentage of overweight and obese firefighters in this study (79.9%) was similar to that previously reported by Poston and colleagues (79.5%), who studied BMI objectively and found firefighters were more likely to be obese when assessed by objective body fat measures. 61 Finally, since nearly all of the participating firefighters worked extended duration work shifts, we did not have adequate power to evaluate the impact of extended duration work shifts on firefighter health and safety.
Although our study was not designed to examine the associations between sleeppromoting medication use and motor vehicle crash risk, we observed a trend for the relationship between sleep disorders screening results and motor vehicle crash risk to persist after firefighters reporting taking sleep medications were removed from the analysis. We suggest that this issue should be examined further in future studies given the relationship between sleep medication use and neurobehavioral impairment 62 .
Conclusion
Common sleep disorders were found to be highly prevalent in firefighters, and were For shift work disorder, percentages represent the number of individuals reporting the symptom(s) divided by the number of eligible firefighters, those who reported working at least one night shift during the one month prior to completing the survey (n=5,771). Night shift was defined as work hours that included at least 6 hours between 10 PM and 8 AM. 
